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Description 

[0001] The present invention relates to a method for producing a foamed synthetic resin such as a polyurethane 
foam, more particularly a method for producing a foamed synthetic resin using a specific foaming agent. 
[0002] It has been widely conducted to produce a foamed synthetic resin by reacting a polyisocyanate compound 
with an active hydrogen compound having at least 2 active hydrogen-containing functional groups reactive with an 
isocyanate group in the presence of a catalyst and a foaming agent. 

[0003] Examples of the active hydrogen compound include a polyhydroxy compound, a polyamine compound and 
the like. Examples of the foamed synthetic resin thus obtained include a polyurethane foam, polylsocyan urate foam, 
polyurea foam, and the like. Also, examples of a relatively low-foamed synthetic resin include a synthetic wood material 
and the like. 

[0004] Various compounds are known as a foaming agent for producing the above foamed synthetic resins, but 
trichlorofluoromethane (hereinafter refen-ed to as "CFC-H") has been mainly used. Also, water is usually used in 
combination with CFC-11 . Further, when foaming Is conducted by a froth method, dichlorodif luoromethane (hereinafter 
referred to as "CFC-1 2") having a low boiling point (gas state at nomial temperature under nomial pressure) has been 
used in combination therewith. 

[0005] CFC-11 , CFC-12 or the like which has been widely used heretofore, is a chlorinated fluorocarbon (hereinafter 
"chlorinated fluorocarbon" is referred to as "CFC") quite stable in the atmosphere, and CFC reaches the ozonosphere 
above the atmosphere without being decomposed, where CFC is considered to be decomposed by the action of ul- 
traviolet rays and the decomposed products are considered to destroy the ozonosphere. 

[0006] The above mentioned CFC used as a foaming agent is partly leaked into the atmosphere, and its use is 
therefore considered to be one of the causes to destroy the ozonosphere. Under these circumstances, a hydrogenated 
chlorinated fluorocarbon (hereinafter "hydrogenated chlorinated fluorocarbon" Is referred to as "HCFC") such as 
2,2-dichloro-1 ,1 ,1-trifluoroethane, 1 ,1-dlchloro-1-fluoroethane or monochlorodif luoromethane, is considered to be less 
liable for destroying the ozonosphere since it has a hydrogen atom in its molecule and will be decomposed before 
reaching the ozonosphere above the atmosphere, and it has been therefore proposed to use HCFC as a foaming 
agent. However, these compounds also have an ozone-destroying coefficient, and do not present an essential solution 
to the problem. Therefore, in place of such CFC and HCFC, a foaming agent which is much less liable for destroying 
the ozonosphere and development of an improved technique of producing a foamed synthetic resin are demanded. 
[0007] As a foaming agent in place of CFC or HCFC, It has been proposed to use a hydrogenated fluorocarbon 
("hydrogenated fluorocarbon" is hereinafter refen-ed to as "HFC"). 

[0008] JP-A-2-235982 discloses to use 1 ,1 ,1 ,3,3-pentafluoropropane as a foaming agent for producing a poly- 
urethane foam. Further, JP-A-5-239251 discloses a method for producing a rigid polyurethane foam by using 
1 ,1,1,3,3-pentafluoropropane and water. 

[0009] However, in the cases of using 1 ,1 ,1 ,3,3-pentafluoropropane only as a foaming agent or using 1 ,1 ,1 .3,3-pen- 
tafluoropropane and water only as a foaming agent, it has been difficult to produce a foamed synthetic resin having a 
unifomi cell size. Further, in the initial stage of the foaming reaction to form cells, there has been a possibility of de- 
stroying a part of the cells by external factors before the fonnatlon of cells, and when the cells are destroyed, the 
surface smoothness of the foamed synthetic resin thus obtained becomes poor and the outer surface appearance 
becomes also poor. 

[0010] Still further, JP-A-3-7738 discloses to use 1 ,1 ,1 ,2-tetrafluoroethane as a foaming agent. However, in the case 
of using 1 , 1 , 1 ,2-tetrafluoroethane only as a foaming agent, froth voids are liable to be formed, thereby making the outer 
surface appearance unsatisfactory. EP 0 960 902 A1 , which Is prior art pursuant to Art. 54 (3) and (4) EPC, describes 
a process for producing a synthetic resin foam comprising reacting a polyol with a polyisocyanate compound In the 
presence of a low-boiling organic blowing agent to provide a polyurethane or poiycyanurate foam, wherein a mixture 
of 5-95 weight% of 1 ,1 ,1 ,3,3-pentafluoropropane and 95-5 weight% of a hydrocarbon boiling between 20°C and 70*C 
is used as the low boiling organic blowing agent. 

[0011] The present invention has been made in order to solve the above mentioned problems, and is to provide a 
method for producing a foamed synthetic resin which comprises reacting a polyisocyanate compound with an active 
hydrogen compound having at least 2 active hydrogen-containing functional groups reactive with an Isocyanate group 
In the presence of a foaming agent, wherein the foaming agent comprises a combination of 1 ,1 ,1 ,3,3-pentafluoropro- 
pane (hereinafter referred to as "HFC-245fa") and 1 ,1 ,1 ,2-tetrafluoroethane (hereinafter referred to as "HFC-134a"), 
wherein 1 ,1 ,1 ,3,3-pentafluoropropane and 1 ,1 ,1 ,2-tetrafluoroethane are used in a weight ratio of 20-99/1 -80. 
[0012] The present Invention Is characterized by using HFC-245fa and HFC-134a In combination. By using these 
foaming agents in combination, the present Invention can provide a satisfactory foamed synthetic resin having uniform 
cells. 

[001 3] When using HFC-245fa alone, it is difficult to obtain a foamed synthetic resin having a unifonn cell size. Also, 
in the initial stage of the foaming reaction to form cells, there is a possibility of destroying a part of the cells by external 
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factors before the formation of cells, and when the cells are destroyed, the surface smoothness of the foamed synthetic 
resin thus formed becomes poor, thereby making the outer surface appearance also poor. Further, when HFC-134a 
Is used alone, froth voids are liable to be formed, thereby making the outer surface appearance unsktlsfactory. At any 
cases, when a large product is fonTied, Its thermal conductivity, outer surface appearance and size stability are unsat- 
isfactory. 

[001 4] HFC-245fa and HFC-1 34a are used in a weight ratio of 20-99/1 -80, more preferably 40-99/1 -60. Even when 
a further compound is used as a third component of a foaming agent In combination therewith, the above two kinds of 
components are used in the above mentioned weight ratio range. 

[0015] In the present invention, It is possible to use HFC-245fa and HFC-134a only as a foaming agent, and It Is also 
possible to use a further foaming agent in combination therewith. 

[0016] Water can be used as a further foaming agent in combination therewith. Water is particularly preferable and 
is used in such an amount as described below. 

[0017] When a foaming agent other than water is used in combination therewith, it is particulariy preferable to use 
a low boiling point hydrocarbon. 

[0018] The proportion of the low boiling point hydrocarbon Is preferably at most 20 wt%, more preferably at most 10 
wt%, most preferably at most 5 wt%, to the total amount of foaming agents except for water. 
[0019] If the proportion of the low boiling point hydrocarbon exceeds 20 wt%, it is not preferable since the foaming 
agent components become highly flammable. By using a hydrocaiton, the apparent boiling point of a foaming agent 
composition is raised, and therefore even a system containing HFC-1 34a component in a relatively high proportion is 
Improved in respect to operability. 

[0020] A C3 - Cg hydrocart)on Is preferable as the low boiling point hydrocarbon. Examples of the C3 - Cq hydrocarbon 
include n-butane, isobutane, n-pentane, isopentane, neopentane, cyclopentane, n-hexane, isohexane, cyclohexane 
and the like. Particulariy, cyclopentane is preferable. When at least one of Cg - Cg hydrocariDons is used in combination 
with HFC-245fa and HFC-1 34a, at least one of C3 - C6 hydrocart3ons/HFC-245fa/HFC-134a is used preferably in a 
weight ratio of 1-20/15-80/1-75, more preferably 1-10/15-80/19-75, most preferably 1-5/40-80/19-50. 
[0021] Examples of compounds other than water and hydrocarbons, which can be used as a foaming agent in com- 
bination with HFC-245fa and HFC-134a, Include a low boiling point HFC other than HFG-245fa and HFC-134a, a low 
boiling point fluorocarbon, an inert gas and the like. The boiling point of the low boiling point HFC, the low boiling point 
fluorocarbon or the low boiling point hydrocarbon In the present Invention Is preferably lower than lOO^C, more pref- 
erably at most 80"C. 

[0022] The total proportion of fluorocartDon and HFC other than HFC-245fa and HFC-134a is preferably at most 50 
wt%, more preferably at most 20 wt%, based on the total foaming agents except for water. Further, the proportion of 
inert gas is preferably at most 1 0 wt% based on the total foaming agents except for water 

[0023] Further the total proportion of HFC-246fa. HFC-1 34a and a C3 - Cg hydrocarbon is preferably at least 50 wt%, 
more preferably at least 80 wt%, based on the total foaming agents except for water. Most preferably, its proportion is 
substantially 100 wt%. 

[0024] Examples of compounds of HFC and fluorocarbon usable in combination include: 

CH2F2. CF2HCH3, CF3CF2H. CF3CH3. CF3CF2CF2H. CFgCFHCFa, CHF2CF2CHF2. CF3CF2CFH2. 
CF3CHFCHF2, CF3CH2CF3. CF2HCF2CFH2. CF3CF2CH3, CFaHCHFCFgH, CFgCHFCFHg, CFH2CF2CFH2. 
CF2HCF2CH3. CFaHCHFCFHg. CF3CHFCH3, CF2HCH2CF2H, CF3CH2CFH2, CFH2CF2CH3. CHgFCHFCHgR 
CF2HCHFCH3, CH2FCH2CF2H, CF3CH2CH3, CH3CF2CH3. CH2FCHFCH3, CH2FCH2CH2R CHF2CH2CH3. 
CH3CHFCH3. CH2FCH2CH3, CF3CF2CF2CH3, CF3CH2CH2CF3. CF3CHFCF2CH3, CF3CHFCHFCF3; 
CF3CF2CF2CH2F, CF3CHFCH2CF3. CH3CF2CF2CHF2. CF3CF2CHFCHF2. CF3CF2CH2CHF2. CF3CH2CF2CH3. 
CF3CHFCHFCH3, CF3CH(CF3)CH3, CH3CF{CF3)CHF2, CH3CH(CF3)CH2F, CH3CH(CF3)CHF2, CH2FCF(CF3)CH2F; 
CH3CF(CHF2)CHF2, CF4, CgFe, C3FQ, C4F10, C5F12, CgFu, C7F16, CgF^o (perfluorocyclopentane), CqF^z (perfluoro- 
cyclohexane) and CqFq (perfluorobenzene). 
[0025] Examples of an inert gas include air, nitrogen and the like. 

[0026] Examples of an active hydrogen compound usable in the present invention include preferably a polyol widely 

used as a compound having at least 2 hydroxyl groups. Active hydrogen compounds such as a compound having at 

least 2 phenolic hydroxyl groups (e.g. an Initial condensate of phenolic resin), amines and the like can also be used. 

As an active hydrogen compound in the present Invention, It is preferable to use such a polyol only as described below 

or to use a polyol in combination with a compound having a phenolic hydroxyl group, amines or the like. 

[0027] Examples of the polyol include a polyether type polyol, a polyester type polyol, a polymer having a hydroxyl 

group Introduced at the terminal and having the main chain of hydrocarbon type polymer (hereinafter referred to as 

"hydrocartjon type polymer having a hydroxyl group at the terminar). a polyhydric alcohol and the like. 

[0028] An active hydrogen compound to be used is preferably a polyol only, more preferably a polyether type polyol 

only or a mixture of a major proportion of polyether type polyol with a minor proportion of a polyester type polyol or a 

minor proportion of a hydrocart3on type polymer having a hydroxyl group at the terminal. 
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[0029] The polyether type polyol is preferably obtained by reacting a cyclic ether with a compound containing an 
active hydrogen reactive with the cyclic ether as an initiator In the presence of a catalyst. 

[0030] Examples of the Initiator Include the following compounds or compounds having a small amount of cyclic 
ether adducted to these compounds. A mixture of at least two members of them may also be used as an initiator. 
[0031 ] Polyhydric alcohols and saccharides such as ethylene glycol, propylene glycol, diethylene glycol, dipropylene 
glycol, tripropylene glycol, 1.2-butanediol, 1 ,4-butanediol, 2,2-dimethyl-1,3-propanediol, 1 ,6-hexanediol, 2-methyl- 
2,4-pentanedioL 3-methyl-1 ,5-pentanediol, 1 ,4-cyclohexanediol, 1 ,4-cyclohexanedimethanol, glycerin, trimethylolpro- 
pane, 1,2,6-hexanetriol, pentaerythritol, diglycerin, tetramethylolcyclohexane, methyl glucoslde, sorbitol, manitol, dul- 
cltol, sucrose and the like; polyhydric phenols such as bisphenol A, phenolfomialdehyde Initial condensate and the 
like; alkanolaminessuch as monoethanolamine, diethanolamine,triethanolamine,isopropanolannine, N-(2-aminoethyl) 
ethanolamine and the like; and amines such as ethyienediamine, propylenediamine, hexamethylenediamine, plpera- 
zine. aniline, ammonia, N-aminomethylplperazine, N-(2-aminoethyl)piperazine, 4-methyl-1,3-phenylenediamlne, 
2-methyl-1,3-phenylenediamine, 4,4'-diphenylmethanediamine, xylylenediamine, diethylenetriamine, triethylenete- 
tramineandthe like. 

[0032] The cyclic ether used In the present invention is a cyclic ether compound of 3 to 6-membered ring having one 
oxygen atom in the ring, examples of which are illustrated below. 

[0033] Compounds having a 3-membered cyclic ether group such as ethylene oxide, propylene oxide, isobutylene 
oxide, 1-butylene oxide, 2-butylene oxide, trimethylethylene oxide, tetramethylethylene oxide, butadiene monooxide, 
styrene oxide, a-methylstyrene oxide, epichlorohydrin, epifluorohydrin, epibromohydrin, glycldol, butylglycidyl ether, 
hexylglycidyl ether, phenylglycidyl ether 2-chloroe.thylglycidyl ether, o-chlorophenylglycidyl ether, ethylene glycol dig- 
lycldyl ether, bisphenol A diglycidyl ether, cyclohexene oxide, dihydronaphthalene oxide, 3,4-epoxy-1 -vinylcyclohexane 
and the like, compounds having 4 to 6-membered cyclic ether groups such as oxetane, tetrahydrofuran, tetrahydropyran 
and the like, and so on. 

[0034] Preferable examples of a cyclic ether compound include a compound having one 3-membered cyclic ether 
group (monoepoxide), and more preferable examples of a cyclic ether compound include a - C4 alkylene oxide such 
as ethylene oxide, propylene oxide, isobutylene oxide, 1 -butane oxide, 2-butene oxide and the like. A most preferable 
cyclic ether compound Is propylene oxide or a combination of propylene oxide with ethylene oxide. 
[0035] Cyclic ether compounds may be used in a mixture of two or more, and In such a case, they may be mixed 
and reacted or they may be reacted In regular succession. 

[0036] Examples of a polyester polyol include a polyester polyol obtained by polycondensation of a polyhydric alcohol 
and a polyhydric carboxylic acid. Other examples include polyester polyols obtained by polycondensation of hydroxy- 
carboxylic acid, polymerization of cyclic ester (lactone), polyadditlon of cyclic ether to polycarboxyllc acid anhydride 
or transesterif ication of waste polyethylene terephthalate. 

[0037] Examples of a hydrocarbon type polymer having a hydroxyl group at the temninal Include hydrogenated polyb- 
utadiene polyol, polybutadiene polyol and the like. 

[0038] Examples of polyhydric alcohols include polyhydric alcohols and saccharides such as ethylene glycol, pro- 
pylene glycol, diethylene glycoL dipropylene glycol, tripropylene glycol, 1,2-butanedio!, 1.4-butanediol, 2,2-dimethyl- 
1,3-propanediol, 1,6-hexanedlol, 2-methyl-2,4-pentanediol, 3-methyl-1,5-pentanedlol, 1 ,4-cyclohexanedlol, 1,4-cy- 
clohexanedimethanol, glycerin, trimethylolpropane, 1,2,6-hexanetriol, pentaerythritol, diglycerin, tetramethylolcy- 
clohexane, methyl glucoside, sortDitol, manitol, dulcitol, sucrose and the like. 

[0039] As a polyol, a polyol composition having vinyl polymer fine particles dispersed in a polyether type polyol 
mainly, called as a polymer polyol or a graft polyol, can also be used. 

[0040] When a rigid polyurethane foam is produced as a foamed synthetic resin, a hydroxyl value of the polyol is 
preferably from 200 to 1 000 mgKOH/g, more preferably from 350 to 600 mgKOH/g. The polyol may be a mixture, and 
in such a case, their hydroxyl values are averagely from 200 to 1 000 mgKOH/g, particularly from 350 to 600 mgKOH/g. 
[0041] When a soft polyurethane foam or a semi-rigid polyurethane foam is produced as a foamed synthetic resin, 
a hydroxyl value of the polyol Is preferably from 20 to 200 mgKOH/g, more preferably from 20 to 100 mgKOH/g. The 
polyol may be a mixture, and in such a case, their hydroxyl values are averagely from 20 to 200 mgKOH/g, particulariy 
from 20 to 100 mgKOH/g. 

[0042] Examples of a compound having at least 2 phenolic hydroxyl groups usable as an active hydrogen compound 
other than the above mentioned polyols, include phenols such as bisphenol A, resol type Initial condensates obtained 
by condensing the above phenols with an excess amount of formaldehydes in the presence of an alkali catalyst, benzyllc 
type initial condensates obtained by conducting the reaction of synthesizing the above resol type initial condensates 
in a non-aqueous system, novolak type initial condensates obtained by reacting an excess amount of phenols with 
formaldehydes in the presence of an acid catalyst, and the like. These initial condensates have a molecular weight of 
preferably from 200 to 1 0000, 

[0043] The above mentioned phenols mean a compound having at least one carbon atom in the benzene ring directly 
bonded with a hydroxyl group, and also include a compound having other substituents in the same structure. Typical 



EP 0 882 760 B1 



examples include phenol, cresol, bisphenol A, resorcinol, and the like. Examples of the f omnaldehydes are not specially 
limited, but preferably include fonnalin, parafonmatdehyde and the like. 

[0044] Examples of amines usable as an active hydrogen compound other than the above mentioned poiyols include 
alkanol amines such as monoethanolamine, diethanolamlne; triethanolamine, isopropanolamine. N-(2-aminoethyl)eth- 
5 anolamine and the like; polyhydric amines such as ethylenediamine, propylenediamine, hexamethylenediamine, pip- 
erazine, N-amlnomethylpiperazine, N-{2-aminoethyl)plperazlne, 4-methyl-1 ,3-phenylenedlamine, 2-methyl-1,3-phe- 
nylenediamine, 4,4'-cliphenylmethanediamine, xylylenediamine, diethylenetriamine, triethylenetetramine, and the like; 
and so on. 

[0045] Examples of a polylsocyanate compound Include an aromatic, cycloallphatic or aliphatic polylsocyanate hav- 
10 ing averagely at least 2 isocyanate groups, a mixture of two or more of these polyisocyanates, and a modified poiyiso- 
cyanate obtained by modifying these polyisocyanates. Particular examples include polyisocyanates such as 
2,4-tolylenedilsocyanate,1 ,6-tolylenediisocyanate,4,4'-diphenylmethanediisocyanate,polymethyienepolypheny! iso- 
cyanate (common name: crude MDI), xytylene diisocyanate, isophorone diisocyanate, hexamethylene diisocyanate 
and the like, or their prepolymer type modified products, isocyanurate-modlfied products, urea-modified products, car- 
's bodlimide-modifled products, and the like. 

[0046] When reacting an active hydrogen compound with a polyisocyanate compound, it is usually necessary to use 
a catalyst. Examples of the catalyst which promotes the reaction of an active hydrogen-containing group and an iso- 
cyanate group, include a metal compound type catalyst such as an organk: tin compound and a tertiary amine catalyst 
such as triethylenediamine. Further, a polymerization catalyst to cause a reaction among isocyanate groups, such as 
20 a carboxylic acid metal salt, can also be used depending on an object. 

[0047] Still further a foam stabilizer for fomriing satisfactory foams is often used In many cases. Examples of the 
foam stabilizer include a silicone type foam stabilizer, a fluorine-containing compound type foam stabilizer and the like. 
Examples of other components which can be optionally used include a filler, a stabilizer, a coloring agent, a flame- 
retardant, and the like. 

25 [0048] A foamed synthetic resin is obtained by using these starting materials. Examples of the foamed synthetic 
resin include polyurethane foam, urethane-modified polyisocyan urate foam, polyurea foam, micro-cellular poly- 
urethane elastomer, micro-cellular polyurethaneurea elastomer, micro-cellular polyurea elastomer, and the like. The 
polyurethane foam is classified into a rigid polyurethane foam, a soft polyurethane foam and a semi-rigid polyurethane 
foam. 

30 [0049] The foamed synthetic resin of the invention can be produced by a one shot method, spray method, prepolymer 
method, quasi-prepolymer method or RIM method. 

[0050] When producing a rigid polyurethanefoam, an urethane-modified polyisocyan urate foam or other rigid foamed 
synthetic resins as a foamed synthetic resin, the total amount of HFC-245fa and HFC-134a used as foaming agents 
In the present invention is preferably from 20 to 60 wt%, based on the amount of an active hydrogen compound. 
35 [0051] When a C3 - Cg hydrocarbon is used, it is used in such an amount as to make the total amount of a C3 - Cg 
hydrocarbon, HFC-245fa and HFC-134a preferably from 20 to 70 wt%, based on the amount of an active hydrogen 
compound. 

[0052] Further, In combination therewith, It is preferable to employ water in an amount of from 0 to 1 0 wt%, preferably 
from 0.01 to 10 wt%, more preferably from 0.1 to 10 wt%, most preferably from 1 to 6 wt%, based on the weight of 

40 active hydrogen compounds (water is not included in the active hydrogen compound). 

[0053] On the other hand, when producing a soft polyurethane foam, a semi-rigid polyurethane foam or a soft foamed 
synthetic resin such as a synthetic wood material as a foamed synthetic resin, the specific foaming agents of the present 
invention, i.e. HFC-245fa and HFC-134a, are used in the total amount of preferably from 20 to 60 wt%, based on the 
amount of an active hydrogen compound. When a C3 - C6 hydrocarbon is used, It is used In such an amount as to 

45 make the total amount of a C3 - Cg hydrocarbon, HFC-245fa and HFC-134a preferably from 20 to 70 wt%. 

[0054] When producing a soft polyurethane foam or a semi-rigid polyurethane foam, it is preferable to use water in 
an amount of from 0 to 1 0 wt%, preferably from 0.01 to 1 0 wt%, more preferably from 1 to 1 0 wt%, based on the weight 
of active hydrogen compounds (water Is not included in the active hydrogen compound). When producing a synthetic 
wood, it is preferable to use water in an amount of from 0 to 5 wt%, preferably from 0.01 to 5 wt%, more preferably 

so from 1 to 5 wt%, based on the amount of an active hydrogen compound (water is not Included In the active hydrogen 
compound). 

[0055] The present invention is useful in the production of a rigid foamed synthetic resin which requires a large 
amount of a halogenated hydrocarbon type foaming agent, and is useful in the production of a rigid polyurethane foam 
and a urethane-modified polyisocyanurate foam, and other rigid foamed synthetic resins. Further, the present invention 
55 is particularly suitable for producing a rigid polyurethane foam. Still further, the present invention Is particularly suitable 
for producing a rigid polyurethane foam using a polyol having a hydroxyl value of from 200 to 1000 mgKOH/g as an 
active hydrogen compound. 

[0056] The present invention is further illustrated by the following Examples, but should not be limited to these Ex- 
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atnples. 

[0057] The following polyols ato d were used In such weight ratios (Etc G) as shown In the following Table 1 . Mixtures 
of HFC-245fa, HFC-134a and cyclopentane in such weight ratios (H to N) as shown in the following Table 2 were used 
as foaming agents. 

5 

Polyol a: polyether polyol having a hydroxy! value of 420 obtained by reacting glycerin and propylene oxide; 
Polyol b: polyether polyol having a hydroxyl group of 450 and having an oxyethyiene group content of 10 wt%, 
obtained by reacting sucrose and propylene oxide and further reacting ethylene oxide therewith; 
Polyol c: polyether polyol having a hydroxyl value of 440 obtained by reacting ethylenedlannlne and propylene 
10 oxide; and 

Polyol d: polyether polyol having a hydroxyl value of 460 and having an oxyethyiene group content of 15 wt%, 
obtained by reading 4-methyl-1.3-phenylenediamine and propylene oxide and further reacting ethylene oxide 
therewith. 
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[0058] A foaming evaluation was carried out in the following manner. A polyol mixture was obtained by mixing 1 00 
parts by weight of each polyol mixed at the above ratios E to G, 2 parts by weight of water, each foaming agent of such 
a kind in such an amount (part by weight) as shown in the following Tables 3 to 4, 2 parts by weight of a silicone type 
foam stabilizer, and a N,N-dimethylcyclohexylamine catalyst in such an amount as to make a gelling time of 45 seconds. 
The polyol mixture thus prepared was mixed with polymethylenepolyphenyllsocyanate at a liquid temperature of 20°C 
so as to provide an index of 110, and the resultant mixture was placed in a wooden box of 200 mm x 200 mm x 200 
mm to foam and obtain a rigid polyurethane foam. The amount of each foaming agent was controlled so as to provide 
a core density of 30 ± 2 kg/m^ in the foamed synthetic resin. 

[0059] The rigid polyurethane foams thus obtained were evaluated in the following manner. 

[0060] Compatibility of each foaming agent to each polyol mixture and outer appearance of each foam were evaluated 

by marks, O: good. A: fair (somewhat good), and x: no good (bad). 

[0061] Size stability was evaluated by measuring a size change in the thrckness direction of the core part of each 
foam before and after allowing to stand at -SO'^C for 24 hours. When the size change ratio was less than 3%, It was 

evaluated as O (good and no problem for use); when the size change ratio was from 3 to 5%, it was evaluated as A 
(fair and almost no problem for use); and when the size change ratio exceeded 5%, it was evaluated as x (no good 
and substantial problem raised for use). 

[0062] Thermal conductivity was evaluated as O (good and no problem for use) when the themiai conductivity value 
is less than 0.0150 kcal/mhr *C; and themnai conductivity was evaluated as A (fair and almost no problem for use) 
when the themial conductivity value was from 0.0150 to 0.0165 kcal/mhr **C. 
[0063] The results are shown in the following Tables. 
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Table 3 



Examples 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


Polyol 


E 


F 


G 


E 


F 


G 


E 


F 


G 


E 


Foaming agent 


H 


H 


H 


1 


1 


1 


J 


J 


J 


M 


Amount used 


30 


30 


30 


30 


30 


30 


30 


30 


30 


' 30 


Compatibility 


0 


0 


O 


0 


0 


0 


0 


0 


0 


0 


Foam performances 






















Appearance 


0 


O 


o 


o 


0 


o 


O 


0 


0 


0 


Size stability 


0 


o 


0 


o 


0 


o 


O 


0 


0 


O 


Themnal conductivity 


0 


0 


0 


0 


0 


0 


O 


0 


0 


0 
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Table 4 



Comparative Examples 


11 


12 


13 


14 


15 


16 


17 


Polyol 


E 


F 


G 


E 


F 


G 


E 


Foaming agent 


K 


K 


K 


L 


L 


L 


N 


Amount used 


30 


30 


30 


30 


30 


30 


20 


Compatibility 


X 


A 


0 


0 


0 


0 


A 


Foam performances 
















Appearance 


X 


X 


X 


X 


A 


A 


A 


Size stability 




A 


A 


X 


X 


X 


A 


Thermal conductivity 


A 


A 


A 


0 


0 


O 


O 



[0064] The present Invention achieves an effect of producing a satisfactory foamed synthetic resin without substan- 
tially using CFC or HCFC which may destroy the ozone layer. 



Claims 

1. A method for producing a foamed synthetic resin which comprises reacting a polyisocyanate compound with an 
active hydrogen compound having at least 2 active hydrogen-containing functional groups reactive with an isocy- 
anate group in the presence of a foaming agent, 

wherein the foaming agent comprises a combination of 1,1 ,1,3,3-pentafluoropropane and 1,1,1 ,2-tetrafluor- 
oethane, 

wherein 1 ,1 ,1 ,3,3-pentafluoropropane and 1,1,1 ,2-tetrafluoroethane are used in a weight ratio of 20-99/1 -80. 

2. The method according to Claim 1 , wherein water is used in combination with 1,1,1 ,3,3-pentafluoropropane and 
1,1,1 ,2-tetrafluoroethane as a foaming agent. 

3. The method according to Claim 2, wherein water is used in an amount of from 0.01 to 1 0 wt% based on the weight 
of active hydrogen compounds other than water. 

4. The method for producing a foamed synthetic resin according to claim 1 , wherein a C3 - Cg hydrocarbon is used 
in combination with 1,1,1 ,3,3-pentafluoropropane and 1 ,1 ,1 ,2-tetrafluoroethane as a foaming agent. 

5. The method according to Claim 4, wherein water is used in combination with a C3 - Cg hydrocarbon, 1,1,1 ,3,3-pen- 
tafluoropropane and 1,1,1 ,2-tetrafluoroethane as a foaming agent. 

6. The method according to Claim 5, wherein water is used in an amount of from 0.01 to 1 0 wt.% based on the weight 
of active hydrogen compounds other than water. 

7. The method according to Claim 1 , 2, 3, 4, 5 or 6, wherein a rigid polyurethane foam is produced as the foamed 
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synthetic resin. 

8. The method according to Claim 7, wherein a polyol having a hydroxyl value of from 200 to 1 000 mgKOH/g Is used 
as the active hydrogen compound having at least 2 active hydrogen-containing functional groups reactive with an 
5 isocyanate group. 

PatentansprOche 

10 1. Verfahren zur Herstellung eines geschaumlen Kunsthar2es, umfassend das Umsetzen einer Polylsocyanatver- 
bindung mit einer Verbindung mit alrtivem Wasserstoff, die mindestens zwei aktive Wasserstoff-enthaltende, funl<- 
tloneile Gruppen aufweist, die mit einer Isocyanatgruppe reaktiv sind, in der Gegenwart eines Treibmittels, wobei 
das Treibmittel eine Kombination von 1,1,1,3,3-Pentafluorpropan und 1,1,1,2-Tetrafluorethan umfaBt, und wobei 
1,1,1,3,3-Pentafluorpropan und 1,1,1,2-Tetrafluorethan in einem Gewlchtsverhaltnis von 20-99/1-80 verwendet 

IS werden. 

2. Verfahren nach Anspruch 1 , wobei Wasser in Kombination mit 1 ,1 ,1 ,3,3-Pentafluorpropan und 1 ,1 ,1 ,2-Tetrafluo- 
rethan als ein Treibmittel verwendet wird. 

20 3. Verfahren nach Anspruch 2, wobei Wasser in einer iVIenge von 0,01 bis 1 0 Gew.-%, bezogen auf das Gewlcht der 
Verblndungen mit aktivem Wasserstoff, die anders als Wasser sind, verwendet wird. 

4. Verfahren zur Herstellung eines geschaumten Kunstharzes nach Anspruch 1 , wobei ein C^Cq Kohlenwasserstoff 
In Kombination mit 1,1.1 ,3,3-Pentafluorpropan und 1 ,1 ,1 ,2-Tetrafluomiethan als ein Treibmittel verwendet wird. 

25 

5. Verfahren nach Anspruch 4, wobei Wasser in Kombination mit einem C3-C6 Kohlenwasserstoff, 1,1,1,3,3-Pen- 
tafluorpropan und 1 ,1 ,1 ,2-Tetrafluorethan als ein Treibmittel verwendet wird. 

6. Verfahren nach Anspruch 5, wobei Wasser In einer Menge von 0,01 bis 1 0 Gew.-%, bezogen auf das Gewlcht der 
30 Verblndungen mit aktivem Wasserstoff, die anders als Wasser sind, verwendet wird. 

7. Verfahren nach Anspruch 1 , 2, 3, 4, 5 oder 6, wobei ein steifer Polyurethanschaum als das geschfiumte Kunstharz 
hergestellt wird. 

35 8. Verfahren nach Anspruch 7, wobei ein Polyol mit einer Hydroxylzahl von 200 bis 1 000 mgKOH/g als die Verbindung 
mit aktivem Wasserstoff, die mindestens zwei aktive Wasserstoff-enthaltende, funktlonelle Gruppen aufweist, die 
mit einer Isocyanatgruppe reaktiv sind, verwendet wird. 



40 Revendicatlons 

1. Precede pour produire une resine synthetique expansee qui comprend la reaction d'un compose polyisocyanate 
avec un compose k hydrogene actif ayant au moins 2 groupes fonctionnels contenant de I'hydrog^ne actif qui 
r^aglssent avec un groupe Isocyanate en presence d'un agent d'expansion, 
45 dans lequel I'agent d'expansion comprend une comblnalson de 1,1,1,3,3-pentaftuoropropane et de 

1,1,1 ,2-tetraf luoro6thane, et 

dans lequel le 1 ,1 ,1 .3,3-pentafluoropropane et le 1 ,1 ,1 ,2-t6trafluoro6thane sont utilises dans un rapport en 
poids de 20-99/1-80. 

50 2. Proc6de selon la revendlcatlon 1 , dans lequel on utilise de I'eau en comblnalson avec du 1 ,1 ,1 ,3,3-pentafluoro- 
propane et du 1 ,1 ,1 ,2-t6trafluoro6thane comma agent d'expansion. 

3. Precede selon la revendication 2, dans lequel I'eau est utilis6e dans une quantite de 0,01 a 10 % en poids sur la 
base du poids des composes d hydrogene actif autres que I'eau. 

55 

4. Proc^de pour produire une r^slne synthetique expansee selon la revendlcatlon 1, dans lequel un hydrocarbure 
en C3-C6 est utilise en comblnalson avec du 1 ,1 ,1 ,3,3-pentafluoropropane et du 1 ,1 ,1 ,2-t6trafluoro6thane comma 
agent d'expansion. 
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Procdde seton la revendication 4, dans iequel on utilise de I'eau en connbinaison avec un hydrocarbure en C^'Cg, 
du 1 ,1 ,1 ,3,3-pentafluoropropane et du 1 ,1 ,1 ,2-tetrafluoroethane comme agent d'expansion. 

ProcddS selon la revendication 5, dans Iequel t'eau est utilisSe dans une quantity de 0,01 ^ 10 % en poids sur la 
base du poids des composes k hydrog^ne actif autres que I'eau. 

Proc6de selon la revendication 1 , 2, 3, 4, 5 ou 6, dans Iequel une mousse de polyurdthanne rigide est produite en 
tant que resine synthetique expansee, 

Proced6 selon la revendication 7, dans Iequel un polyol ayant une valeur hydroxyle de 200 ^ 1000 mgKOH/g est 
utilise comme compose k hydrog^ne actif, ayant au moins deux groupes fonctionnels contenant k hydrog6ne actif 
qui r^agissent avec un groupe Isocyanate. 
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